abstract BACKGROUND AND OBJECTIVE: Reported rates of recurrence after enema reduction for intussusception are variable. Concerns for recurrence influence postreduction management. The objective of this study was to conduct a systematic review and meta-analysis to estimate overall, 24-hour, and 48-hour recurrence rates after enema reduction in children.
Intussusception is a common cause of abdominal pain and intestinal obstruction in the pediatric population. Since 2000, annual hospitalization rates for intussusception in the United States have remained steady at approximately 35 cases per 100 000 infants, and are as high as 62 per 100 000 infants 26 to 29 weeks of age. 1 Currently, the management of intussusception remains variable; however, there has been a significant trend away from surgical reduction toward enema reduction. 1, 2 Despite a growing body of literature supporting outpatient management of patients with successful enema reduction, it is still common practice to hospitalize patients for 24 to 48 hours of observation. [3] [4] [5] [6] This is based on historical recommendations founded on the concerns for recurrence and postreduction complications. 7 A body of evidence has emerged suggesting that the rate of significant complications, specifically perforation, post enema reduction is very low. As part of their review of intussusception management, Daneman and Navarro 2 reported rates of perforation between 0% and 5.9%, with the vast majority of series reporting rates ,1%. Reported recurrence rates, however, are highly variable, are not calculated in a standardized manner, and most are based on relatively small trials. In addition, many of the reported recurrences occurred .48 to 72 hours postreduction. Consequently, management recommendations would be best based on a precise understanding of the risk of early (within 24-48 hours) recurrence for an individual patient.
The aim of our study was to perform a systematic review of the existing literature to estimate overall, 24-hour, and 48-hour recurrence rates post enema reduction in children with a radiographic diagnosis of ileocolic intussusception in an effort to pose suggested recommendations for clinical practice.
METHODS

Data Sources and Searches
We performed electronic searches of PubMed, the Cochrane Database, and OVID Medline from 1966 to the end of December 2011. The search included the following keywords: intussusception, recurrence, and enema (Supplemental Table 5 ). A prevalidated filter to limit the search to children was also used. 8 The search was limited to human studies and publications in English. Hand searches of the bibliographies of all articles identified in the initial online search were completed to identify further articles for final inclusion. Authors were contacted if studies quoted a recurrence rate but did not define the numerator or denominator needed to calculate this rate.
Study Selection
Studies were included if they met all of the following criteria: (1) included patients age 0 to 18 years; (2) intussusception was radiographically proven and reduced by enema; and (3) the number of intussusceptions reduced by enema and the number of recurrences was provided or could be calculated. Two reviewers (M.P.G. and M.H.G.) independently evaluated titles and abstracts of articles retrieved from the initial search. A list of relevant articles was created, agreed on by both authors, and retrieved in full. Both authors (M.P.G. and M.H.G.) reviewed all full-text articles independently for final inclusion and disagreements were reconciled by consensus.
Data Extraction
Data were extracted onto a preformatted data sheet by the primary author (M.P.G.). The second author (M.H.G.) audited 10% of the articles included to ensure concordance. Outcome measures 
Quality Assessment
It has been shown that the quality of reporting is associated with the methodological quality of clinical trials; however, there are currently no validated scales to assess the quality of observational studies. 10, 11 Most studies included in our meta-analysis are observational; therefore, we chose to evaluate the methodological quality of the studies included in this review and meta-analysis using a scale we developed. Studies were assigned a score of 0 to 2 for each of the following criteria (the criteria for assigning 0, 1, or 2 points are indicated respectively in parentheses):
1. Enrollment (not specified, nonconsecutive, consecutive);
2. Design (not specified, retrospective, prospective).
Studies were then assigned a score of 1 to 3 for each of the following criteria (the criteria for assigning 1, 2, or 3 points are indicated respectively in parentheses):
1. Definition of data source (not specified, specific but general mention of data source, eg, "medical records were reviewed," specifically defined, eg, "inpatient and radiology records were reviewed");
2. Data abstraction (not specified, specific mention of data to be extracted but not method of abstraction, specific mention of what data and how it was abstracted).
We made note of follow-up (retrospective versus prospective) when possible, and found little variance. Most studies had retrospective follow-up. As such, we did not include "follow-up" in our 
Data Analysis
Recurrence rates were calculated in a standardized manner for each study by dividing the total number of patients with recurrence by the total number of patients with a successful reduction. Patients with .1 recurrence were counted only once. Heterogeneity between studies was identified by using a x 2 test and quantified with the I 2 statistic. 12 Meta-analysis was performed by using a random effects model based on the method of DerSimonian and Laird. 13 To account for the number of zero proportions in this study, the log-transformed proportion was used to calculate confidence intervals that would be non-negative. The analysis was stratified based on enema type. Meta-regression was performed to identify potential sources of heterogeneity. We planned a priori to assess for sources of heterogeneity, including quality score, the year of study completion, and study location. In post hoc analysis, estimated median age was included in the meta-regression. The vast majority of studies reported only an age range. As such, median age was estimated by the midpoint and squareroot transformation of the midpoint. Both variables were tested in the regression analysis. For the primary outcome, recurrence rates by enema modalities, a P value of .05 was used. For the secondary analyses comparing different time frames and covariates, a P , .01 was used to account for multiple testing of the secondary outcomes. R 2.13 (R Foundation for Statistical Computing, Vienna, Austria) and Stata 11.2 (Stata Corp, College Station, TX) were used for this analysis.
RESULTS
Description of Articles
The described search strategies identified 325 articles and abstracts (Fig 1) . Of these, 154 were excluded based on their title or abstract, and 167 were retrieved in full. Sixty-nine articles met full inclusion criteria and were included in the meta-analysis (Table 1) . Ninety-eight articles were excluded arter review of the full text (Supplemental Table 4 ).
The studies included were drawn from a wide body of literature including general pediatric, emergency medicine, and radiology journals. The quality scores for the 69 included studies were widely variable and ranged from 2 to 10; however, interrater reliability for quality scores was excellent (k = 0.93). Fifty-five of these articles were retrospective
FIGURE 2
Overall recurrence rates by enema modality. studies and 49 of them had consecutive enrollment. One study was a randomized controlled study. 14 The studies included were conducted in 28 different countries, with 13 studies conducted in the United States. The ages of study participants ranged from ,1 month to 22 years.
Recurrence Rates
When estimating pooled recurrence rates across all studies, independent of enema modality, we found that the results were highly heterogeneous signifying that effect sizes varied between studies and enema modality. The overall results were heavily biased toward contrast enema reduction, largely due to the substantial difference in the number of studies included for each enema modality (46 CE, 9 UGNCE, 24 FGAE). Although to some extent the number of subjects adjusts for this (5362 subjects with CE vs 10 013 subjects with FGAE or UGNCE), it is not enough to fully account for the bias.
Because the results for individual enema modalities are not subject to this bias, subsequent analyses were stratified by modality.
Recurrence rates are reported by modality in Table 2 . Overall recurrence rates were 12.7% (95% confidence interval [CI] 11.1%-14.4%, I 2 = 28.8%) for CE, 7.5% (95% CI 5.7%-9.8%, I 2 = 52.4%) for UGNCE, and 8.5% (95% CI 6.9%-10.4%, I 2 = 50.1%) for FGAE (Fig 2) . The recurrence rates at 24 hours and 48 hours were low. Recurrence rates within 24 hours post reduction were 3.9% (95% CI 2.2%-6.7%, I 2 = 47.0%) for CE, 3.9% (95% CI 1.5%-10.1%, I 2 = 0.0%) for UGNCE, and 2.2% (95% CI 0.7%-6.5%, I 2 = 59.8%) for FGAE (Fig 3) . Recurrence rates within 48 hours post reduction were 5.4% (95% CI 3.7%-7.8%, I 2 = 32.3%) for CE, 6.6% (95% CI 4.0%-10.7%, I 2 = 0.0%) for UGNCE, and 2.7% (95% CI 1.2%-6.5%, I 2 = 73.8%) for FGAE (Fig 4) .
Sensitivity Analyses
Heterogeneity was found when combining studies by enema modality (Table 2). A study by Higgins et al 15 suggests that I 2 values from 0% to 50% represent a low to moderate amount of heterogeneity. Meta-regression was conducted to identify potential sources of heterogeneity. Enema modality was a significant source of heterogeneity (P = .002 FGAE, P = .028 UGNCE, P = .151 CE) for overall recurrence rates. Enema modality, however, was not a significant source of heterogeneity for 48-hour (P = .461 CE, P = .706 UGNCE, P = .515 FGAE) or 24-hour recurrence rates (P = .471 CE, P = .702 UGNCE, P = .661 FGAE). Study quality, year of study publication, and country of origin were not found to be significant sources of heterogeneity for overall, 48-hour, or 24-hour recurrence rates. In post hoc regression analysis, estimated median age was not found to be significant for overall, 24-hour, or 48-hour recurrence rates.
Because the study by Bai et al 63 accounted for nearly one-third of the patients included in the overall recurrence rate data for UGNCE, we conducted a weighted meta-regression to estimate the effect of each method.
Pooled estimates including the study by Bai et al 63 were compared with pooled estimates excluding this study ( Table 3) . Inclusion of the study by Bai et al 63 had minimal effect on the pooled estimate.
Learning effect was assessed by examining results by year. A significant trend was identified for quality score. Quality scores showed a significant trend (even using the multiple testing adjustment) with year (Spearman r = 0.504, P = .0004) for CE only. If studies are restricted to 1980 and later, there is no correlation between quality scores and year of publication (Supplemental Table 6 ). Of note, all studies of noncontrast reductions were published after 1980. The Begg test for publication bias was used and did not demonstrate bias for any of the outcome variables.
DISCUSSION
This meta-analysis of published studies demonstrates that an individual' s risk of having an early (within 24 to 48 hours) recurrent intussusception after a successful enema reduction is low. In addition, the risk of recurrence is independent of enema type, study location, year of study completion, and study quality. The risk of recurrence in the first 24 hours post reduction is 2.2% to 3.9% and 2.7% to 6.6% in the first 48 hours. Assuming a 24-hour recurrence risk of 3.9%, it would require hospitalizing 26 patients for 24 hours to identify a single recurrence.
This suggests that the vast majority of recurrences will not be identified by overnight hospitalization. In addition, recurrent intussusceptions can be safely and successfully reduced via repeat enema, and significant complications associated with enema reduction are rare. Multiple studies supporting outpatient management after successful enema reduction have demonstrated high rates of success with repeat enema reduction without delayed complications. [16] [17] [18] [19] [20] In their series of 1340 patients, Niramis et al 20 reported success rates as high as 96% with barium enema and 92% with air enema.
FIGURE 4
The 48-hour recurrence rates by enema modality. There are several limitations to our study. First, because of the relative infrequency with which intussusception occurs, most of the studies included in this meta-analysis are retrospective studies. Many are small, and they vary widely in quality. As such, we attempted to measure and control for the quality of reporting for each study. Second, the studies differ in both known features, such as enema reduction technique or setting, and possibly unknown features that we were unable to measure. As these differences were expected, we used random effects modeling in our analyses, adjusting for the suspected confounders and providing more conservative estimates of confidence limits. Finally, the number of studies reporting the specific timing of recurrences was limited.
Despite these limitations, our study improves the understanding of the risk of early (within 24 to 48 hours) recurrence for an individual patient, and strongly suggests that that risk is low. In combination with the knowledge that serious postreduction complications are rare and that recurrences can be safely and successfully managed nonoperatively, it is reasonable to suggest that outpatient management in an 
